Several studies have reported increased prevalence of asthma during the last decades, although recently stable or decreasing trends are seen in some countries ([@b8-ehp-117-839]). Simultaneously, car traffic has increased, and therefore several studies have investigated whether exposure to traffic-related air pollution is associated with respiratory outcomes ([@b14-ehp-117-839]; [@b32-ehp-117-839]). These studies have demonstrated associations between short-term exposure and symptoms in children already diagnosed with asthma \[[@b34-ehp-117-839]\]. However, it is less clear whether long-term exposure to air pollution causes asthma. Several studies have reported effects in favor of such a relationship ([@b2-ehp-117-839]; [@b10-ehp-117-839]; [@b11-ehp-117-839]; [@b13-ehp-117-839]; [@b16-ehp-117-839]; [@b18-ehp-117-839]; [@b33-ehp-117-839]; [@b39-ehp-117-839]), others have reported effects in subpopulations only ([@b3-ehp-117-839]; [@b5-ehp-117-839]; [@b15-ehp-117-839]; [@b20-ehp-117-839]; [@b23-ehp-117-839], [@b24-ehp-117-839]; [@b27-ehp-117-839]), and some have reported no effects ([@b7-ehp-117-839]; [@b19-ehp-117-839]; [@b21-ehp-117-839]; [@b28-ehp-117-839]).

Exposure assessment of traffic-related air pollution has varied significantly among different studies, and misclassification of exposure, especially of self-reported exposure, may explain some of the inconsistent findings ([@b20-ehp-117-839]). To reduce misclassification, several researchers have noted the need to develop more accurate methods for exposure estimation, to reduce misclassification ([@b6-ehp-117-839]; [@b17-ehp-117-839]; [@b18-ehp-117-839]; [@b32-ehp-117-839]). Recent pediatric studies have used a refined exposure metric, by combining spatial measurements of air pollution with geographic information system (GIS) data and regression modelling, and their results suggest stronger respiratory effects ([@b2-ehp-117-839]; [@b10-ehp-117-839]).

In the present study we used a GIS including a dispersion model to calculate outdoor nitrogen dioxide concentrations at each child's home addresses from birth in 1992--1993 to 2002; and all addresses throughout each child's life have been used by [@b39-ehp-117-839]. Thus we were able to include several aspects of long-term exposure: exposure in early life, before asthma onset and previous year's exposure in addition to distance from major road. Some studies have investigated the effects of early exposure on asthma in schoolchildren ([@b5-ehp-117-839]; [@b24-ehp-117-839]; [@b39-ehp-117-839]) and in preschool children ([@b2-ehp-117-839]; [@b28-ehp-117-839]); and because asthma is expected to start early in life ([@b6-ehp-117-839]; [@b8-ehp-117-839]), this time aspect is important ([@b8-ehp-117-839]). Effects of lifetime exposure have also rarely been investigated ([@b5-ehp-117-839]; [@b39-ehp-117-839]). Similar to these studies, our exposure was present before asthma onset. Our main aim was to investigate the associations of long-term traffic-related exposures in early life and before onset with onset of doctor-diagnosed asthma assessed retrospectively in current 9- to 10-year-old children living in Oslo, Norway. In addition, we investigated the relations of previous year's NO~2~ exposure and distance to major road with current respiratory symptoms.

Methods
=======

Study population
----------------

A follow-up of the Oslo Birth Cohort---children born in Oslo in 1992--1993---was carried out in 2001--2002 ([@b26-ehp-117-839]). A cross-sectional study of all children born in 1992 and living in Oslo was carried out simultaneously. Of these children, 5,279 children with a valid address in Oslo in August 2001 were invited to participate, of whom 2,065 children were from the cohort. A total of 3,533 families (1,574 families from the cohort) accepted and completed the same self-administered questionnaire collected in the period between September 2001 and November 2002 (response rate was 66.9% overall and 76.2% from the cohort). The present study includes the children residing in Oslo in first year of life and last year before completing the questionnaire (*n* = 2,871), defined by nonmissing exposures. The study was approved by the Regional Ethics Committee and the Norwegian Data Inspectorate. Written informed consent was obtained from the parents.

Traffic-related exposures
-------------------------

Outdoor air pollution was modeled by the Norwegian Institute for Air Research using EPISODE, a combined three-dimensional Eulerian/Lagrangian dispersion model based on prospectively collected data on emissions for several time periods, hourly meteorologic measurements, topography, and detailed background air pollution concentrations measured at regional background stations in the southern part of Norway ([@b30-ehp-117-839]). The model calculated hourly concentrations of NO~2~ for each square kilometer, whereas individual receptor points (varying from 3,813 in 1992 to 8,009 in 2002) got additional contributions from a line source model. This model calculated concentrations from busy roads up to 500 m from the road, depending on the number of vehicles ([@b30-ehp-117-839]). For exposure, addresses located within 30 m from a receptor point were assigned the concentration of the nearest point. Modeling of long-term averages has recently been evaluated by comparing modeled NO~2~ concentrations versus measurements from 10 monitoring stations in Oslo ([@b30-ehp-117-839]). We found low bias (fractional bias within ± 0.16 at monthly level) and scatter. Correlation seemed to increase with the length of the averaging period in winter (Pearson correlation *r* = 0.44 at monthly and 0.61 at seasonal level), and increased further when both seasons were pooled together (r = 0.76). These results indicate that the EPISODE model can represent long-term levels of local outdoor NO~2~ reasonably well.

With national identification numbers, the Norwegian Population Register provided a complete residential history for each child during the period 1992--2002. The municipality of Oslo gave the accompanying geographic coordinates, and we linked NO~2~ concentrations to each child's home addresses throughout their lifetime. Several long-term exposures were included: early exposure in first year of life, average exposure from birth to asthma onset, and previous year's exposure before completing the questionnaire. These exposures used 70% as cutoff for a nonmissing value.

In addition to modeled traffic-related exposure, we calculated distance to major road by GIS at birth address and the address at date of completing questionnaire. Major roads are main transport routes with any form of motor transport, especially heavy vehicles.

Respiratory outcomes
--------------------

Doctor-diagnosed asthma was defined as a "yes" to the question: "If the child has ever had asthma, has asthma been confirmed by doctor?" We combined that answer with one about timing---"If the child has had asthma, how old (in years) was the child when he/she got asthma?"---to designate onset of doctor-diagnosed asthma. Other respiratory outcomes were current wheeze, severe wheeze, and dry cough. "Current wheeze" entailed symptoms of wheeze in the preceding 12 months, "current severe wheeze" was four or more attacks of wheeze in the preceding 12 months, and "current dry cough" was dry cough during the night without simultaneous cold or other respiratory infections in the preceding 12 months.

Covariates
----------

Information on potential confounders was extracted from the questionnaire. We performed Cox regression analyses of asthma onset and linear regression analyses of modeled exposure for each covariate, shown in [Table 1](#t1-ehp-117-839){ref-type="table"} except the present ones. All potential confounders were simultaneously included, and because none influenced the estimated associations, covariates that were statistically significant on 20% level were kept in the final model. These were sex, parental atopy, maternal smoking in pregnancy, paternal education, and maternal marital status at the child's birth. Parental atopy was defined as a history of maternal or paternal asthma, hay fever, or eczema. Maternal marital status was obtained from the Medical Birth Registry in Norway. In addition, we added the indicator of the cohort population as effect modifier. We did not include skin prick test (SPT) positivity, defined as at least one positive SPT ([@b29-ehp-117-839]), because of an increase of 300 observations and no change in the estimated associations. SPT positivity was included only when estimating the interaction with SPT positivity. Performing logistic regression analyses of the current respiratory symptoms for single potential confounders, we applied the same criteria for inclusion into the final model as for asthma. In addition to keeping furry pets now, dampness problems now, and parental ethnicity, the same covariates as for asthma were included ([Table 1](#t1-ehp-117-839){ref-type="table"}). In addition to individual covariates, we also used census data in considering several contextual neighborhood socioeconomic factors at birth address in the analyses of asthma onset ([@b35-ehp-117-839]): percentage of unmarried residents, households with income below the median, residents with primary education only, with manual class only, nondwelling owners, flat dwellers, and dwellers with less than one room per capita ([@b25-ehp-117-839]). In the analyses, these socioeconomic indicators were standardized by generating *z*-scores.

Statistical methods
-------------------

To investigate associations between long-term traffic-related exposures and asthma onset, we applied Cox proportional hazard regression model and adjusted for the covariates stated above. Each child's observation time was censored at the year of moving to an address without information about NO~2~ exposure or at the date of completing the questionnaire. 1.9% (44 of 2,329) of the children were censored because of missing exposure measurements; four of these subjects reported doctor-diagnosed asthma from 3 to 7 years later. Asthma onset during first year of life was given as exposure for first year of life, because exposure before birth was not available. Exposure before asthma onset was included as a time-dependent covariate. Each time a risk set was created for a case with asthma onset, we recomputed the exposure for each individual in the risk set as the average exposure from the month after birth to the age (in years) of this onset. The proportional hazard assumption was checked by smoothing scaled Schoenfeld residuals over time. We also investigated early asthma onset from birth to 3 years of age and late onset from 4 years of age in separate analyses. In addition to the main analyses including all subjects reporting asthma onset as cases, we performed sensitivity analyses by including as noncases the subjects with early asthma onset who had recovered during follow-up. To study the functional form of the association, traffic-related exposures were also modelled by smoothing cubic splines using S-plus for Windows release 6.1 (Insightful Corporation, Seattle, WA, USA). We assessed effect modification by including interaction terms for exposure before asthma onset with sex, parental atopy, SPT positivity, and cohort indicator. In addition, we added standardized socioeconomic factors on neighborhood level, one indicator at a time. Results are expressed as risk ratio (RR) for asthma onset by an inter-quartile range (IQR) increase of traffic-related exposure. Incidence rate (IR) of asthma was calculated as number of cases divided by sum of person-years to asthma onset or to censoring. Logistic regression analyses were added for doctor-diagnosed asthma ever with results expressed as odds ratio (OR) for asthma by an IQR increase of traffic-related exposure.

To investigate associations of previous year's exposure to NO~2~ and distance to major road with current symptoms, we applied multiple logistic regression analysis and adjusted for the covariates stated above. We assessed effect modification by including interaction terms for previous year's exposure with parental atopy, SPT positivity, and cohort indicator. Results are expressed as OR for current symptoms by an IQR increase of traffic-related exposure. The analyses were performed using SPSS for Windows release 14.0.1 (SPSS Inc., Chicago, IL, USA).

Results
=======

Characteristics of the study population
---------------------------------------

[Table 1](#t1-ehp-117-839){ref-type="table"} shows that most characteristics were distributed equally among all children with questionnaire information only and among all children with both traffic-related exposure and questionnaire information. The exceptions are cohort indicator, parental ethnicity, and dampness problems in early life, with fewer children from the cohort, slightly fewer western (defined as western Europe, United States, Canada, Australia, or New Zealand as birth country) parents, and slightly more children with dampness problems in the questionnaire population. Comparing children who had both traffic-related exposures and questionnaire information (*n* = 2,871) with the analysis population without missing covariates (*n* = 2,329) showed that these populations were similar except for more western parents (85.6%), slightly more atopic parents (63.4%), and more children from the cohort (61.7%) in the analysis population. Comparing the children with both traffic-related exposures and questionnaire information from the cohort population with the noncohort population showed that the cohort subjects had more western, more atopic, and more educated parents, and had slightly more cohabitant mothers and slightly fewer single mothers at birth. Currently, they also kept more furry pets, had slightly less wall-to-wall carpeting, and fewer smoking parents.

Distribution of traffic-related exposures
-----------------------------------------

The traffic-related exposure levels are presented in [Table 2](#t2-ehp-117-839){ref-type="table"}. The annual residential outdoor NO~2~ levels were highest and had the widest range in first year of life. The mean NO~2~ level was 39.3 μg/m^3^ in first year of life and declined to 25.2 μg/m^3^ in previous year before questionnaire. In the first years of life, the mean NO~2~ levels were similar among children with onset of doctor-diagnosed asthma and the rest of the population (38.4 vs. 39.4 μg/m^3^ in first year of life and 30.2 vs. 31.2 μg/m^3^ in second year of life). The distributions were similar in the populations with and without missing covariates, in both sexes, in children both with and without SPT positivity, and for all paternal education levels (data not shown). The levels in the noncohort population were higher than in the cohort (mean levels 42.5 and 36.5 μg/m^3^ in first year of life, respectively), and the median levels were 42.3 μg/m^3^ in the nonatopic parents and 38.5 μg/m^3^ in the atopic parents. Other traffic-related pollutants in Oslo also modeled by EPISODE were particulate matter with aerodynamic diameter \< 10 μm and \< 2.5 μm (PM~10~ and PM~2.5~). These pollutants are correlated with NO~2~ (*r* = 0.79--0.91).

The distance to major road was lower at birth than at address by 10-year follow-up. The distributions were skewed to the right and median distance to major road was 403.6 m at birth address and 458.5 m at 10-year follow-up.

Incidence and prevalence of respiratory outcomes
------------------------------------------------

Of the children's parents, 11.8% reported asthma onset; IR = 0.014 cases per person-year ([Table 3](#t3-ehp-117-839){ref-type="table"}). Asthma was more incident in boys than girls (IR = 0.018 and 0.010 cases per person-year, respectively). Among children with onset of doctor-diagnosed asthma compared to the rest of the population, more children had atopic parents (73.9% versus 57.4%), more had a positive SPT (38.6% vs. 22.1%), more were male (63.7% vs. 49.5%), and more had a mother who smoked during pregnancy (22.2% vs. 15.3%). Similarly, of those with asthma onset, slightly fewer children had a parent with \> 12 years education compared to the rest (51.9% vs. 59.4% for maternal and 53.1% vs. 61.3% for paternal education). Moreover, 92.3% of those who reported asthma onset also reported episodes of wheeze ever. The median age of asthma onset was 1 year, and 71.3% reported onset before 3 years of age ([Figure 1](#f1-ehp-117-839){ref-type="fig"}), whereas 29.6% of these children had recovered at 4 years of age. Among the children with early asthma onset compared to those with later onset, fewer children had a positive SPT (35.1% vs. 53.3%), more had western parents (84.6% vs. 66.7%), and more had a parent with \> 12 years education (53.6% vs. 44.8% for maternal and 54.8% vs. 45.5% for paternal education).

Of the current respiratory symptoms, 14.5% of the children's parents reported wheeze, 4.8% reported severe wheeze, and 19.3% reported dry cough ([Table 4](#t4-ehp-117-839){ref-type="table"}). All current symptoms were more prevalent in boys than girls (17.1% vs. 11.7% in boys vs. girls for current wheeze).

Associations between traffic-related exposures and respiratory outcomes
-----------------------------------------------------------------------

The estimated associations between long-term traffic-related exposure and doctor-diagnosed asthma are presented in [Table 3](#t3-ehp-117-839){ref-type="table"}, both crude and adjusted models. We did not find positive associations between any traffic-related exposure and asthma onset, but a tendency of negative associations with NO~2~ exposure and no associations with distance to major road. We found similar results when adding children who did not live in Oslo in previous year of life to the study population (*n* = 3,243) \[adjusted RR = 0.80; 95% confidence interval (CI), 0.67--0.96 for an IQR increase of NO~2~ exposure before asthma onset and 0.98 (95% CI, 0.91--1.06) for an IQR increase of distance to major road\]. The exception was late asthma onset, which produced positive but not statistically significant associations. The sensitivity analysis included those with early asthma onset who recovered during follow-up as noncases, and gave less negative associations \[adjusted RR 0.92 (95% CI, 0.70--1.22) for an IQR increase of NO~2~ exposure before asthma onset, 0.85 (95% CI, 0.60--1.20) for early onset, and 1.08 (95% CI, 0.66--1.76) for late asthma onset\]. The proportionality assumption was satisfied in all Cox proportional hazard regression models.

The interactions with exposure before asthma onset (sex, parental atopy, SPT positivity) were not statistically significant (*p* = 0.101 for sex), except for cohort indicator (*p* = 0.011). Stratified by sex, an IQR increase of NO~2~ exposure before asthma onset was associated with adjusted RR of 0.73 (95% CI, 0.56--0.95) (95% CI) in boys and 1.05 (95% CI, 0.74--1.49) in girls. Similarly, stratified by cohort indicator, the association was 0.66 (95% CI, 0.50--0.86) in cohort population and 1.11 (95% CI, 0.79--1.56) in noncohort population. Adjusting for contextual socioeconomic factors produced only minor changes in the estimated association (data not shown).

The estimated associations between traffic-related exposures and current respiratory symptoms are presented in [Table 4](#t4-ehp-117-839){ref-type="table"}, both crude and adjusted models. We found positive associations, although none were statistically significant; neither was any interaction with previous year's exposure to NO~2~ statistically significant.

Discussion
==========

Long-term traffic-related exposures were not positively associated with onset of doctor-diagnosed asthma or with current respiratory symptoms in 9- to 10-year-old children in Oslo, Norway.

We aimed to assess associations between development of childhood asthma and traffic-related air pollution exposure in children's home environment before disease development, by timing exposure before the development of disease. So far, few studies have been able to do so ([@b5-ehp-117-839]; [@b24-ehp-117-839]; [@b28-ehp-117-839]; [@b39-ehp-117-839]). We were not able to find any associations supporting the idea that the long-term traffic-related levels at historical residences in Oslo in 1992--2002 increased the risk of developing asthma among the participants. Several studies have shown positive associations between air pollution and asthma-related symptoms, supporting the presence of acute respiratory effects of air pollution both in healthy and asthmatic individuals ([@b34-ehp-117-839]). For long-term exposure, some studies have reported positive associations with symptoms in schoolchildren ([@b10-ehp-117-839]; [@b24-ehp-117-839]; [@b27-ehp-117-839]; [@b31-ehp-117-839]), and few studies have reported no associations ([@b15-ehp-117-839]; [@b36-ehp-117-839]).

This study made it possible to include exposure from birth to asthma onset, measured at the historical residential addresses of each child. We used a dispersion model based on prospectively collected data for several time periods including time variations in emissions and detailed measurements of meteorologic data and background air pollution, presenting a longitudinal design (Oftedal et al. 2008). Another well-designed study is a French study using traffic exposure on updated addresses during each child's life ([@b39-ehp-117-839]). This French study has reported associations with recent asthma diagnosis for early exposure, but not for lifetime exposure. A cohort study from Japan has reported no associations with asthma in first-graders, but with incident asthma using NO~2~ measurements from the nearest monitoring station to each school ([@b33-ehp-117-839]). Another recent Scandinavian cohort study has reported no associations with asthma diagnosis combined with current wheeze in preschool children using a similar exposure model as in our study ([@b28-ehp-117-839]). A recent cohort study from California has reported associations with incident asthma diagnosis using outside home measurements of NO~2~ determined after asthma onset ([@b18-ehp-117-839]). In contrast to our study, most studies have used asthma diagnosis ever without time for onset. Of these studies, a study from California and two large Taiwanese studies have reported associations at higher exposure levels than our study ([@b10-ehp-117-839]; [@b13-ehp-117-839]; [@b16-ehp-117-839]), and others at comparable levels ([@b2-ehp-117-839]; [@b11-ehp-117-839]). At similar exposure levels as our study, some studies have reported associations in subpopulations ([@b3-ehp-117-839]; [@b15-ehp-117-839]). However, some well-designed studies among children exposed to higher levels have not reported positive associations ([@b7-ehp-117-839]; [@b19-ehp-117-839]) or have reported associations in subpopulations only ([@b5-ehp-117-839]; [@b23-ehp-117-839], [@b24-ehp-117-839]; [@b27-ehp-117-839]). Several of these studies used exposure metrics determined after asthma onset ([@b10-ehp-117-839]; [@b11-ehp-117-839]) or probably after asthma onset ([@b3-ehp-117-839], [@b2-ehp-117-839]; [@b7-ehp-117-839]; [@b13-ehp-117-839]; [@b15-ehp-117-839]; [@b16-ehp-117-839]; [@b19-ehp-117-839]; [@b23-ehp-117-839]; [@b27-ehp-117-839]; [@b33-ehp-117-839]). Thus, it is not clear whether air pollution exposure can induce development of asthma, and we speculate that higher levels of exposure than was present in Oslo may be needed. However, in observational studies other issues also need to be considered.

Not all eligible children were willing to participate in the study, and the participation rate was higher in the cohort than in the noncohort population. These populations differed in several ways: The cohort population had more atopic, more western, and more educated parents and lived at addresses with lower NO~2~ levels than did the noncohort population. Thus, parents with nonasthmatic children may have participated to a lesser extent than parents with asthmatic children. The prevalence of parental atopy is comparable to that in the PIAMA (The Prevention and Incidence of Asthma and Mite Allergy) study ([@b3-ehp-117-839]), although considerably higher than in the Swedish cohort ([@b28-ehp-117-839]), and may have increased the reported rates of asthma and respiratory symptoms. Ethnicity was different in the two populations: is study population of schoolchildren may be slightly less nonwestern than the overall nonwestern population in Oslo (15%), which comprises more children than adults ([@b1-ehp-117-839]). Related to ethnicity is education, and the education levels are high and probably higher in the study population than among those invited. Further, it is reasonable to assume that more highly educated parents are more likely to visit their doctor when their child gets ill and may be more eager to get a diagnosis than parents with less education. Combined with lower NO~2~ levels in the highly educated cohort population, this factor may have produced more asthma diagnoses at lower NO~2~ levels than at higher levels. We cannot exclude that the consequence of this likely selection problem may have distorted the associations, and it may explain the negative association in the cohort population.

Assessing asthma by questionnaire has limitations, although self-reported doctor-diagnosed asthma has been reported to reflect what doctors actually told their patients, at least among adults, and validity assessed by repeatability of response has been reported to be good ([@b9-ehp-117-839]). Thus, self-reported doctor diagnosis has been widely used in epidemiologic studies, and has been recommended as the preferred outcome for use in large population-based studies, because a more accurate diagnosis is not available ([@b4-ehp-117-839]). Asthma diagnosis in early lifetime represents early symptoms which to some extent may indicate asthma, and is often related to respiratory tract infections ([@b37-ehp-117-839]), in contrast to the atopy-related diagnosis in older children ([@b22-ehp-117-839]). This is confirmed by the data on SPT positivity, with more sensitized children of those with later asthma onset than those with early onset. Most of the diagnoses were reported in early lifetime, and a considerable proportion of the children had recovered at 4 years of age. Including early onset cases who recovered during follow-up as noncases also produced less negative associations with NO~2~ exposure. Distance to major road was not associated with asthma onset, which confirms the findings of modeled exposure. Interestingly, in contrast to the negative association for early asthma onset, the association between NO~2~ exposure and late asthma onset showed a positive, though not statistically significant trend (due to very few cases), and the CIs overlapped. Lack of power may have contributed to the null findings of late onset, where diagnostic accuracy probably is higher. The negative associations do not seem plausible and may be explained by selective or different practice of diagnosing asthma in early life that for some reason seems to be related to where the children lived. In Oslo, people usually visit a doctor in their neighborhood, and doctors may have different diagnostic practices depending on their location. That children with early diagnosis more often had western and highly educated parents and probably lived in less-polluted areas compared to those with late diagnosis suggests that cultural differences, parental eagerness, and resources may have contributed. This possible misclassification may have produced more negative associations, although it is unlikely that the associations could have been reversed.

Age for asthma onset was retrospectively assessed, and parental recall fades with time. However, the findings of the logistic regression analyses that ignored time of onset confirmed the results of proportional hazard modeling. Thus, parental recall is not likely to have significantly affected the accuracy of time to asthma. This potential recall error should be independent of the exposures, and random error would probably dilute the association between exposure and outcome.

Moving out of Oslo because of asthma onset was not an issue in this study population, and measurement problems stemming from moving within the city are captured by exposure before asthma onset. Besides, residential outdoor exposure does not measure true individual exposure, and air pollution modeling may produce error in the exposure estimates ([@b29-ehp-117-839]). More specific, less reliable emissions and fewer receptor points with busy traffic in the early period lead to more uncertain modeling. However, because the spatial variation of air pollution is mostly controlled by the meteorologic and topographic conditions in Oslo ([@b12-ehp-117-839]; [@b30-ehp-117-839]), we believe that the ordering of residential NO~2~ exposures was maintained over time. Because all traffic-related exposures were calculated independently from health outcomes and potential confounders, systematic error is unlikely, and random error would probably dilute associations between exposure and outcome.

We cannot exclude the possibility of unmeasured confounders even though we have adjusted for several potential risk factors for asthma including socioeconomic factors, which did not influence the estimated associations. We also adjusted for several socioeconomic variables on the neighborhood level, none of which affected the associations.

The associations between previous year's residential exposure and the current asthma-related symptoms tended to be positive, although not statistically significant. Precise information on timing of symptom occurrence was not recorded. Thus, it was not possible to assess short-term effects of traffic-related exposures in an optimal way, and may explain why we did not identify statistically significant associations.

NO~2~ and particulate matter are traffic-related pollutants and the modeled concentrations are highly correlated in Oslo. NO~2~ is not considered a causal agent for respiratory effects, but may in this study act as a general assessment of traffic-related air pollution. The other exposure, distance to major road, represents exposure to traffic but may also express socioeconomic status ([@b27-ehp-117-839]; [@b38-ehp-117-839]), which entails difficulties in separating these effects ([@b27-ehp-117-839]).

In this population-based study in 9- to 10-year-old children in Oslo, we applied modeled NO~2~ exposure at historical home addresses from birth to asthma onset and distance to major road for each child. We were not able to find positive associations between any long-term traffic-related exposure and development of asthma. These results may be explained by a likely selection problem combined with diagnostic misclassification of early asthma, but we have little reason to believe that the associations could have been reversed. Alternatively, one may speculate that the exposure levels may have been too low to reveal notable positive associations.

We thank P. Lund-Larsen's staff at the Norwegian Institute of Public Health for conducting excellent data collection and I. Brandt for excellent data handling of the air pollution files.
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###### 

Characteristics of the study population.

  Characteristic                                                                   All subjects with questionnaire information (*n* = 3,533)   Subjects with both traffic-related exposures and questionnaire information                 
  -------------------------------------------------------------------------------- ----------------------------------------------------------- ---------------------------------------------------------------------------- ------------- -------------
  Sex (percent male)                                                               50.9                                                        51.1                                                                         50.2          52.0
  Age \[years (mean ± SD)\]                                                        9.36 ± 0.37                                                 9.35 ± 0.36                                                                  9.28 ± 0.35   9.45 ± 0.35
  Birth weight \[kg (mean ± SD)\][a](#tfn1-ehp-117-839){ref-type="table-fn"}       3.51± 0.55                                                  3.50 ± 0.56                                                                  3.57 ± 0.51   3.40 ± 0.61
  Furry pets in early life (%)                                                     18.1                                                        18.1                                                                         19.3          16.7
  Wall-to-wall carpeting in early life (%)                                         31.0                                                        32.3                                                                         31.5          33.2
  Dampness problems in early life (%)[a](#tfn1-ehp-117-839){ref-type="table-fn"}   6.3                                                         5.7                                                                          4.7           7.0
  Parental ethnicity western only (%)[b](#tfn2-ehp-117-839){ref-type="table-fn"}   75.9                                                        79.2                                                                         92.2          63.4
  Parental atopy (%)                                                               57.1                                                        59.3                                                                         64.0          53.7
  Maternal smoking in pregnancy (%)                                                15.5                                                        16.1                                                                         15.3          17.2
  Maternal education (%)                                                                                                                                                                                                                  
   9--12 years                                                                     28.4                                                        29.4                                                                         28.2          31.0
   \> 12 years                                                                     59.1                                                        58.6                                                                         65.9          49.3
  Paternal education (%)                                                                                                                                                                                                                  
   9--12 years                                                                     25.0                                                        25.5                                                                         23.3          28.1
   \> 12 years                                                                     60.8                                                        60.3                                                                         66.9          52.1
  Maternal marital status (%)[a](#tfn1-ehp-117-839){ref-type="table-fn"}                                                                                                                                                                  
   Cohabitant                                                                      28.1                                                        28.0                                                                         30.8          23.7
   Single                                                                          8.8                                                         7.6                                                                          5.5           10.5
  Cohort indicator (%)                                                             44.6                                                        54.0                                                                         100           0
  Skin prick test positivity (%)[a](#tfn1-ehp-117-839){ref-type="table-fn"}        24.0                                                        23.9                                                                         23.5          24.4
  Furry pets now (%)                                                               30.0                                                        31.2                                                                         35.0          26.7
  Wall-to-wall carpeting now (%)                                                   13.0                                                        13.2                                                                         10.9          16.0
  Parental smoking now (%)                                                         18.1                                                        17.8                                                                         14.0          22.3

Maximum number of subjects with missing data for boys/girls was 395/400 (SPT positivity) and 274/305 (maternal marital status as next covariate after SPT positivity) for the subjects with questionnaire information, 306/306 (SPT positivity), and 135/133 (birth weight as next covariate after SPT positivity) for the subjects with both traffic-related exposures and questionnaire information.

Western ethnicity was defined as western Europe, United States, Canada, Australia, or New Zealand as birth country.

###### 

Distribution of long-term traffic-related exposure levels for 9- to 10-year-old children (*n* = 2,871).

  Exposure metric                                                                     Min   25th percentile   Median   Mean    75th percentile   Max
  ----------------------------------------------------------------------------------- ----- ----------------- -------- ------- ----------------- --------
  NO~2~ 1st year of life (μg/m^3^)                                                    1.5   24.9              40.5     39.3    52.8              84.0
  NO~2~ 2nd year of life (μg/m^3^)[a](#tfn4-ehp-117-839){ref-type="table-fn"}         1.7   18.8              31.8     31.1    42.9              70.6
  NO~2~ previous year (μg/m^3^)                                                       1.4   15.7              25.3     25.2    33.7              65.1
  Distance to major road at birth address (m)                                         4.5   217.1             403.6    576.4   740.7             9592.2
  Distance to major road at 10 years (m)[b](#tfn5-ehp-117-839){ref-type="table-fn"}   4.9   245.1             458.5    629.0   802.3             9592.2

Abbreviations: Max, maximum; Min, minimum.

Eleven boys and 13 girls had missing NO~2~ levels in second year of life.

Distance to major road at address for date of completing the questionnaire.

###### 

Incidence, RR (95% CI), and OR (95% CI) of doctor-diagnosed asthma onset in 9- to 10-year-old children (*n* = 2,329), for an IQR increase of long-term traffic-related exposure.

  Doctor-diagnosed asthma onset                                               Exposure metric                                                      IR/person-year (no. of cases)   RR per IQR[a](#tfn7-ehp-117-839){ref-type="table-fn"} increase   OR per IQR[a](#tfn7-ehp-117-839){ref-type="table-fn"} increase adjusted[d](#tfn10-ehp-117-839){ref-type="table-fn"}   
  --------------------------------------------------------------------------- -------------------------------------------------------------------- ------------------------------- ---------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------- -------------------
  Any yearly onset                                                            NO~2~ 1st year of life                                               0.014 (274)                     0.85 (0.69--1.04)                                                0.82 (0.67--1.02)                                                                                                     0.81 (0.65--1.02)
  Any yearly onset                                                            NO~2~ before onset                                                   0.014 (274)                     0.85 (0.70--1.05)                                                0.82 (0.67--1.02)                                                                                                     ---
  Any yearly onset                                                            Distance to major road[e](#tfn11-ehp-117-839){ref-type="table-fn"}   0.014 (274)                     0.99 (0.91--1.08)                                                0.99 (0.90--1.08)                                                                                                     0.98 (0.89--1.08)
  Early onset (\< 4 years of age)                                             NO~2~ before onset                                                   0.034 (226)                     0.81 (0.64--1.01)                                                0.78 (0.62--0.98)[\*](#tfn13-ehp-117-839){ref-type="table-fn"}                                                        ---
  Early onset (\< 4 years of age)                                             Distance to major road[e](#tfn11-ehp-117-839){ref-type="table-fn"}   0.034 (226)                     0.99 (0.90--1.09)                                                0.98 (0.89--1.08)                                                                                                     0.98 (0.88--1.09)
  Late onset (≥ 4 years of age)[f](#tfn12-ehp-117-839){ref-type="table-fn"}   NO~2~ before onset                                                   0.004 (48)                      1.12 (0.68--1.84)                                                1.05 (0.64--1.72)                                                                                                     ---
  Late onset (≥ 4 years of age)[f](#tfn12-ehp-117-839){ref-type="table-fn"}   Distance to major road[e](#tfn11-ehp-117-839){ref-type="table-fn"}   0.004 (48)                      1.02 (0.80--1.30)                                                1.00 (0.79--1.26)                                                                                                     1.00 (0.79--1.27)

CI, confidence interval.

IQR for NO~2~ varies between 27.3 and 19.6 μg/m^3^, decreasing over time. For distance to major road IQR is −540.6 m, the difference between 25th percentile and 75th percentile (i.e., living closer compared to living farther from the major road).

Cox proportional hazard regression.

Cox proportional hazard regression model adjusted for sex, parental atopy, paternal education, maternal smoking in pregnancy, maternal marital status at the child's birth and indicator for cohort population.

Logistic regression ignored timing of asthma onset and the same covariates as in the proportional hazard regression were adjusted for.

Distance to major road at birth address.

Children with early asthma onset and children censored before four years of age were excluded.

*p* \< 0.05.

###### 

Prevalence (%) and OR (95% CI) of current respiratory symptoms in 9- to 10-year-old children (*n* = 2,205) for an IQR increase of long-term traffic-related exposure.

  Respiratory symptoms    Exposure metric                                                      Percent prevalence[a](#tfn14-ehp-117-839){ref-type="table-fn"} (no. of cases)   OR per IQR[b](#tfn15-ehp-117-839){ref-type="table-fn"} increase   
  ----------------------- -------------------------------------------------------------------- ------------------------------------------------------------------------------- ----------------------------------------------------------------- -------------------
  Current wheeze          NO~2~ previous year                                                  14.5 (319)                                                                      1.06 (0.88--1.28)                                                 1.01 (0.83--1.23)
  Current wheeze          Distance to major road[e](#tfn18-ehp-117-839){ref-type="table-fn"}   14.5 (319)                                                                      1.03 (0.93--1.14)                                                 1.00 (0.91--1.11)
  Current severe wheeze   NO~2~ previous year                                                  4.8 (106)                                                                       1.11 (0.82--1.52)                                                 1.10 (0.79--1.51)
  Current severe wheeze   Distance to major road[e](#tfn18-ehp-117-839){ref-type="table-fn"}   4.8 (106)                                                                       0.97 (0.84--1.13)                                                 0.96 (0.82--1.11)
  Current dry cough       NO~2~ previous year                                                  19.3 (410)                                                                      1.08 (0.90--1.28)                                                 1.01 (0.84--1.21)
  Current dry cough       Distance to major road[e](#tfn18-ehp-117-839){ref-type="table-fn"}   19.3 (410)                                                                      1.04 (0.95--1.15)                                                 1.02 (0.93--1.12)

*n* = 2,201 for current severe wheeze and *n* = 2,129 for current dry cough.

IQR for NO~2~ is 17.9 μg/m^3^ for current wheeze and for current severe wheeze (*n* = 2,201), and 18.1 μg/m^3^ for current dry cough (*n* = 2,129). For distance to major road IQR is the difference between 25th and 75th percentile (i.e., living closer vs. living farther from the major road). IQR is −580.3 m for current wheeze, −580.9 m for current severe wheeze (*n* = 2,201), and −576.6 m for current dry cough (*n* = 2,129).

Simple logistic regression.

Logistic regression model adjusted for sex, parental ethnicity and atopy, paternal education, maternal smoking in pregnancy, maternal marital status at the child's birth, indicator for cohort population, keeping furry pets now, and dampness problems now.

Distance to major road at address for date of completing the questionnaire.
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